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The following invention relates to a system and method for recycling and, in particular, a 
system and method for recycling materials used in a manufacturing process. 

Generally, raw materials costs comprise a substantial portion of the cost of manufacturing 
a particular product. For example, a substantial cost in the production of semiconductors is the 
cost of the chemicals used during the manufacturing process. Certain chemicals, such as 
photoresist, comprise a large percentage of this chemical cost and any significant change in the 
cost of these chemicals will have an impact on the overall cost of the manufactured product. 

Many of the chemicals used for semiconductor production are not completely exhausted 
during the manufacturing process. In fact, the waste stream generated during manufacturing 
includes a sizeable portion of chemicals such as photoresist and developer. Prior art techniques 
exist for processing such waste streams to retrieve reusable chemicals contained therein. For 
example, U.S. Patent No. 5,084,483 issued to Yamashita is directed to a method for recovering 
and reusing resist composition scatters in silicon wafer coating. The recovery of the chemicals from 
the waste stream and their reuse would have a material impact on manufacturing costs. 

Although techniques exist for recovering and reusing chemicals from the waste streams 
of semiconductor manufacturing, these techniques are rarely used and thus have minimal impact 
on the cost of chemicals used in the manufacturing process. The semiconductor manufacturers 
themselves have little incentive to reprocess their waste streams because they lack the expertise 
to do so and such efforts would be a distraction to their main business. Furthermore, the cost to 
implement a recovery/reuse facility may not be economically feasible if such a facility is to be 
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used to reprocess just the manufacturers own waste streams. The chemical manufacturers also 
have little interest in promoting chemical recycling as this would reduce their profit margin on 
new chemicals. Thus, the chemicals contained in waste streams are not recovered and, as a 
result, the potential costs saving from their reuse is lost. 

Accordingly, it is desirable to provide a system and method for recycling materials 
contained in waste streams generated as a by-product to a manufacturing process. 



The present invention is directed to overcoming the drawbacks of the prior art. Under the 
present invention a system and method is provided for recycling raw materials from a plurality 
waste streams generated by waste stream providers and includes a waste stream monitoring 
module for monitoring the plurality of waste streams and determining an amount of reusable raw 
materials contained in each of the plurality of waste streams. Also included is a reusable 
materials database for storing the amount of each of the raw materials contained in any of the 
plurality of waste streams. A user operating an access device communicates with the reusable 
materials database for viewing the amount of each of the raw materials. 

In an exemplary embodiment the reusable materials database includes a price for each of 
said raw materials. 

In another exemplary embodiment, the user issues a purchase request for a specified 
amount of at least one of the raw materials according to the price indicated in the reusable 
materials database. 

In yet another exemplary embodiment, a waste purchasing module is included for 
receiving the purchase request and issuing a purchase order to at least one of the waste stream 
providers for fulfilling the purchase request. Upon receiving the purchase order the at least one 
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of the waste stream providers delivers at least one of said plurality of waste streams to a recovery 
plant wherein the recovery plant recovers the specified amount of at least one of the raw 
materials. Finally, the specified amount of at least one of the raw materials is transported to a 
location indicated by the user. 



in a plurality of waste streams generated by manufacturing processes. 

The invention accordingly comprises the features of construction, combination of 
elements and arrangement of parts that will be exemplified in the following detailed disclosure, 
and the scope of the invention will be indicated in the claims. Other features and advantages of 
the invention will be apparent from the description, the drawings and the claims. 



For a fuller understanding of the invention, reference is made to the following description 
taken in conjunction with the accompanying drawings, in which: 

FIG. 1 is a block diagram of the recycling system of the present invention. 



Referring now to FIG. 1, there is shown a recycling system 1 for recycling waste from a 
plurality of waste stream providers 3, in accordance with the present invention. Recycling 
system 1 includes a waste stream monitoring module 5 that communicates with waste stream 
providers 3 via a waste stream provider interface 7 for the purpose of monitoring the waste 
generated by each of waste stream providers 3 and determining the reusable materials contained 
therein. Waste stream providers 3 may communicate with waste stream provider interface 7 
using any known methods, mediums or protocols including, by way of non-limiting example, the 



Accordingly, a system and method is provided for recycling materials contained 
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Internet. Waste stream monitoring module 5 may determine the reusable contents of the waste 
stream using any number of known methods for monitoring and analyzing the contents of waste. 
For example, if one of waste stream providers 3 uses, for instance, resist coating and 
development equipment to produce wafers, waste stream monitoring module 5 would then 
monitor the number of wafers produced by the equipment and calculate, based on predetermined 
relationships, the amount of raw materials, such as photoresist and developer, that is expelled by 
the wafer stepper for the given number of wafers produced. Alternatively, a sensor may be 
located in the waste stream produced by the wafer stepper for monitoring the volume and 
contents of the waste stream. The sensor then relays this information to waste stream monitoring 
module 5 which then calculates the amount of reusable raw materials contained in the waste 
stream. Examples of sensors that may be used to monitor the contents of a waste stream using 
well known techniques include capacitive level sensors, mechanical level sensors, scales and 
load cells. Similarly, any other method for monitoring any type of waste stream and analyzing 
its contents may be used with the results of such analysis being provided to waste stream 
monitoring module 5. 

Waste stream monitoring module 5 then communicates to reusable materials database 9 
the amount of reusable materials contained in the waste streams generated by each of waste 
stream providers 3. A price is determined for each of the recycled materials stored in reusable 
materials database 9 based on all relevant factors including, but not limited to, the price of the 
corresponding new materials, the available supply and quality of the recycled material. Thus, 
reusable materials database 3 contains a searchable catalog of all the reusable materials 
contained in the waste streams generated by waste stream providers 3. 

A user operating a user access device 1 1 , for example a personal computer, may query 
reusable materials database 9, via user access interface 13, to determine whether a desired 
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material, for example photoresist, is available in recycled form from any of waste stream 
providers 3 and, if so, in what quantity and at what price. If the user locates in reusable materials 
database 9 the desired recycled material at an acceptable price, the user issues a purchase request 
to user access interface 13 for a specified amount of the desired material. User access interface 
13 forwards the purchase request to a waste purchasing module 15. Based on the material and 
quantity specified in the purchase order, waste purchasing module 1 5 accesses reusable materials 
database 9 to determine which of waste stream providers 3 is the most suitable source for the 
specified recycled material. Upon selecting one of waste stream providers 3, waste purchasing 
module 1 5 issues a purchase order, via waste stream provider interface 7, to the one of waste 
(13 stream providers 3 for the waste stream from which the specified materials are to be recovered. 

^ Upon receiving the purchase order, the one of waste stream providers 3 ships the 

\ specified waste stream to a recovery plant 17. The waste stream is shipped using known 
lis techniques that prevent environmental contamination and/or decomposition of the desired 

i*. materials. After shipping the waste stream to recovery plant 17, the one of waste stream provider 

I- 

j'ij 3 notifies waste purchasing module 15 that the waste stream containing the desired materials was 

i,y 

P shipped and waste purchasing module 15 then updates reusable materials database 9 to reflect the 

□ 

change in availability of the particular material. 

Recovery plant 1 7 reprocesses the waste stream and recovers from the waste stream the 
materials specified by the user in the purchase request. The recovery process uses known 
industrial methods designed to restore the materials recovered from the waste stream. In one 
embodiment, the materials are restored to their original specifications that may include, by way 
of non-limiting example, the materials' sensitivity, viscosity, thickness, metal ion concentration 
and film thickness. Alternatively, the materials may be restored to revised specifications that 
render the material suitable for use in certain applications. The determination of whether to 
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restore the materials to the original or revised specification may be made based on the 
requirements of the user as specified in the purchase request. In another embodiment, recovery 
plant 1 7 separates the waste stream into its constituents, purifies them, re-blends them and adds 
some new raw materials, as required, to produce recycled materials conforming either to their 
original or revised specifications. 

In yet another embodiment, recovery plant 1 7 separates the waste stream into common 
chemical components and combines the chemical components to form a new raw material other 
than the original raw materials from which the particular waste stream was generated. Forming 
the new raw material from the waste stream may be desirable in cases where the original raw 
materials are complex and difficult to recover from the waste stream. 

In an exemplary embodiment, waste stream providers 3 monitor the batch composition of 
the original raw materials that generated each particular waste stream. The batch composition 
information indicates various characteristics of the original raw materials including, by way of 
non-limiting example, the quality of such raw materials. Waste stream providers 3 provide to 
system 1 via waste stream provider interface 7 the batch composition information which is used 
by waste stream monitoring module 5 to determine the particular raw materials that can be 
recovered from a particular waste stream the most efficiently. For example, if the batch 
composition information associated with a particular waste stream indicates that the original raw 
materials that generated the waste stream were of a poor quality, waste stream monitoring 
module 5 may then determine that a new and less complex raw material could be more 
efficiently recovered from the particular waste stream. Waste stream monitoring module 5 then 
communicates the type and quantity of recoverable raw materials to reusable materials database 
9, as described above. 
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Finally, the recycled materials are then shipped from recovery plant 17 to a location 19 
designated by the user thereby fulfilling the user's purchase request. In one embodiment, the 
user is the one of waste stream providers 3 that generated the waste stream from which the 
recycled materials were recovered. 

Accordingly, a system and method is provided for recycling materials contained in a 
plurality of waste streams generated by manufacturing processes. The system of the present 
invention analyzes the contents of the waste streams to determine what reusable materials are 
contained therein and maintains a listing of such reusable materials. A user may access the 
system to locate desirable recycled materials that are recoverable from various waste streams and 
to purchase the desired materials. Thus, by recovering and re-distributing materials from waste 
streams, the system of the present invention helps reduce the overall cost of raw materials used 
in a particular manufacturing process. 

It will thus be seen that the objects set forth above, among those made apparent from the 
preceding description, are efficiently attained and, since certain changes may be made in 
carrying out the above process, in a described product, and in the construction set forth without 
departing from the spirit and scope of the invention, it is intended that all matter contained in the 
above description shown in the accompanying drawing shall be interpreted as illustrative and not 
in a limiting sense. 

It is also to be understood that the following claims are intended to cover all of the 
generic and specific features of the invention herein described, and all statements of the scope of 
the invention, which, as a matter of language, might be said to fall therebetween. 



